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Abstract 
 
The ring-tailed mongoose (Galidia elegans) represents one of the most widely 
distributed mongooses in Madagascar; however, we know little about the ecology of 
this seemingly ubiquitous species. Currently, G. elegans is divided into three 
recognized subspecies—G. e. elegans, G. e. dambrensis, and G. e. occidentalis—
based on differences in pelage coloration between the distinct geographic locations. 
We used intraspecific DNA variation to describe the phylogenetic relationships 
among the described subspecies. Approximately 550 base pairs of the mitochondrial 
DNA control region were analyzed from 19 G. elegans specimens representing all 
three subspecies sampled from across the species’ geographic range. Sequence data 
from outgroup taxa were included for comparison. Examination of the recovered 
sequences revealed a strongly supported distinct genetic signature in the western 
region of the island, but remained inconclusive with respect to supporting the 
designation of the northern and eastern ‘subspecies’ for treatment as divergent 
intraspecific units for management.   
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Introduction  
 
The endemic ring-tailed mongoose, Galidia elegans, represents the most abundant 
and widely distributed herpestid found in Madagascar (Garbutt 1999). Despite its 
profusion, we know very little regarding the biology and population genetics of this 
species. Yoder et al. (2003) concluded that a single African colonization event was 
responsible for the diversity of carnivores in Madagascar. Their lower-level 
phylogenetic analysis grouped G. elegans from northern and southern populations 
with the other four Malagasy herpestids into a monophyletic clade, sister to 
Madagascar’s endemic viverrids. While these findings provide evidence identifying 
the closest relatives of G. elegans and contextualize the species’ evolutionary 
placement among Malagasy and African herpestids, they do not shed light on the 
intraspecific structure or geographic variation of the ring-tailed mongoose. Currently, 
three subspecies are recognized based on pelage coloration that varies across the 
geographic range of G. elegans. The eastern G. e. elegans subspecies is the darkest of 
the three, identified by a rusty fur coat and black feet; the northern G. e. dambrensis 
race is described as having a lighter chestnut color with similarly colored feet; and G. 
e. occidentalis, restricted to the western portion of the island, is intermediate in pelage 
color—a light chestnut upper body with dark belly, legs and feet (Garbutt 1999).  
Phenotypic variation is a useful characteristic for discriminating between 
subgroups within a species, particularly when geographic discontinuities exist (Avise 
and Ball 1990; O’Brien and Mayr 1991). Such intraspecific variability may result 
from a combination of environmental and underlying heritable differences among 
populations. In light of this, measurable characters, such as pelage variation, may be 
used as a proxy to identify species groups undergoing evolutionary changes 
independent of other populations. However, subspecies recognition based on a single 
or a few phenotypic characteristics can lead to inaccurate recognition and complicate 
subsequent conservation efforts (Stromberg and Boyce 1986; O’Brien and Mayr 
1991). Although subspecies status has been recognized within the ring-tailed 
mongoose, it has not been verified by other characteristics or systematic analysis. 
Subspecies diagnosis and validity can strengthen management efforts aimed at 
conserving a species’ genetic diversity and maintaining its future evolutionary 
potential (O’Brien and Mayr 1991). Intraspecific taxonomic groupings are recognized 
in such databases as those of the World Conservation Union (IUCN) Red List of 
Threatened Species, the Convention on International Trade of Endangered Species of 
Wild Flora and Fauna, and the US Endangered Species Act. Confirmation of the three 
G. elegans subspecies is particularly important given the rapid and ongoing increase 
in land conversion on Madagascar (Green and Sussman 1990; Richard and O’Connor 
1997) and the threat of subsequent loss of biological diversity on the island. Future 
management of G. elegans will require a more complete assessment of intraspecific 
variation and distribution of this species in order to aid in its conservation. 
Mitochondrial (mt) DNA-based phylogeographic studies have made 
significant contributions to the field of animal conservation by recovering distinct 
evolutionary lineages in cryptic species and supporting non-molecular designations of 
species and subspecies (Ellegren et al. 1993; Hansoon et al. 2000). There are several 
characteristics that make mtDNA sequence data particularly useful as markers for 
studying the extent of population differentiation in a species: they are abundant and 
readily retrieved from tissue samples, they evolve quickly compared with nuclear 
markers, and they rarely recombine. 
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In this paper, we evaluate the subspecies designation for the Malagasy ring-
tailed mongoose, G. elegans, through a genetic analysis of mtDNA control region 
sequences to identify the pattern of genetic distribution within the species, to 
reconstruct the evolutionary relationships of the intraspecific lineages, and to confer 
an association between the spatial pattern of pelage variation and genetic divergence. 
From a phylogenetic framework, determination of reciprocal monophyly—where 
each geographically based subspecies arises from a common ancestral mtDNA 
haplotype sequence—is expected if subspecies designation is to be supported (Avise 
2000). Additionally, in order for the three G. elegans subspecies to be considered 
unique units, the diagnosable character variation is expected to correspond where the 
subspecies possess significant genetic differences among haplotypes. This and similar 
approaches have been used to assess subspecies status for management purposes (e.g. 
Phillimore and Owens 2006; Garcia et al. 2007).  
 
Materials and methods  
 
Study populations and DNA extraction  
 
Nineteen G. elegans individuals from four localities spanning the distribution of all 
three subspecies were analyzed in this study: G. e. dambrensis in northern 
Madagascar (Site 1: Ankarana Reserve, 12857045.0400S, 49808021.7700E, n 1/4 7); 
G. e. elegans in the species’ northeastern range (Site 2: Namarafana section of the 
Zahamena Reserve, 1783600000S, 4885205800E, n 1/4 4; and Site 3: the mid-eastern 
range in Tsinjoarivo, Ambatolampy district in the Antananarivo province, 
19824040.61100S, 47827055.403400E, n 1/4 2); and G. e. occidentalis from 
Bemaraha (Site 4: western Madagascar, 19801046.7300S, 44846055.3400E, n 1/4 6). 
Total genomic DNA was extracted from blood and/or ear tissue samples preserved by 
lysis buffer or ethanol using the DNeasy blood and tissue kit (QIAGEN, Valencia, 
CA, USA) according to the manufacturer’s instructions.  
 
Amplification and sequencing of mtDNA control region sequences 
 
Approximately 550 base pairs (bp) of the 50-end of the hypervariable domain located 
on the periphery of the mt control region was amplified from the total genomic DNA 
using the primers LI5926 (50-TACACTGGTCTTGTAAACC- 30; Kocher et al. 
1989), located in the tRNAPRO coding gene flanking the control region, and DLH (50-
CCTGAAGTAGGAACCAGATG- 30; Girman et al. 1997). This region is highly 
polymorphic, has a higher substitution rate than the central domain, and has been used 
with success to study population-level processes in vertebrates. PCR amplifications 
from the extracted DNA were performed in a Perkin-Elmer 2700 DNA thermal cycler 
(Perkin-Elmer, Norwalk, CN, USA) in a 50-ml total volume containing 0.06M Tris, 
0.015M (NH4)2SO4, 1.5mM MgCl2 , 0.78M DMSO, 0.0025mM each dNTP, 1.0mM 
each primer, and 2.5 units Thermopilus aquaticus DNA polymerase (Perkin-Elmer). 
Reactions were carried out under the following cycling conditions: 94ºC for 5 min, 
followed by 35 cycles of denaturation at 95ºC for 30 s, primer annealing at 50ºC for 
60 s, and extension at 72ºC for 60 s. Amplified products were electrophoresed on 
1.5% w/v agarose gels against a 1 kb size standard marker and visualized using 
ethidium bromide under ultraviolet radiation.  
PCR products were purified with QIAGEN QIAquick PCR Purification 
columns in order to remove excess primers and nucleotides, and to concentrate the 
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amplified PCR fragments. Both strands of amplified product were used as the DNA 
template for sequencing reactions. Cycle-sequencing was performed using the ABI 
Big Dye terminator sequencing kit (Applied Biosystems, Foster City, CA, USA) on a 
Perkin-Elmer 2700 DNA thermal cycler. Cycle-sequenced products were purified 
using AMPure magnetic beads (Agencourt, Beverly, MA, USA) and sequenced 
directly on a PE Biosystems 377 Sequencer (Perkin-Elmer) and 3730xl DNA 
Analyzer (Applied Biosystems). Targeted sequences were obtained using the same set 
of primers as in the amplification process.  
DNA samples obtained from three other sympatric Malagasy carnivore 
species—Cryptoprocta ferox and Fossa fossana—were amplified and sequenced for 
comparison following the above protocol.  
 
Data analysis  
 
DNA sequences were assembled and contigs edited with Sequencher 4.5 (Gene 
Codes, Ann Arbor, MI, USA). Then, sequences were aligned using the multiple 
sequence alignment software ClustalX (Thompson et al. 1997). Three management 
schemes for the sequence dataset were employed: gap treatment as fifth base, gap 
treatment as missing data, and gap representation using a character-state matrix. 
Initially, gaps in the aligned sequences were treated as ‘fifth base’ and as ‘missing 
data’ for comparison. Upon observation of the aligned haplotype sequences, four 
insertion and deletion (indels) segments were identified, although one of them was 
uninformative given that the indel, as a character state, was unique to a single taxon 
and incapable of resolving ingroup phylogenetic relationships (e.g. autapomorphic). 
Typically, each gap is treated as a singe nucleotide change that occurs over time; 
however, an indel, composed of a series of contiguous bases or gaps, most likely 
arose once as a single event (Simmons and Ochoterena 2000), and steps should be 
taken to avoid the pseudoreplication of gaps within the indel so as to adequately 
reflect the occurrence of a single event. Recent studies suggest that indels comprise a 
part of the potential phylogenetic information available and should not be ignored 
(Simmons and Ochoterena 2000; Hamilton et al. 2003; Salgueriro et al. 2004). In light 
of this, a variety of strategies have been proposed for coding and analyzing indels to 
preserve such information (e.g. Simmons and Ochoterena 2000; Young and Healy 
2003). Based on the gap coding suggestion provided by Simmons and Ochoterena 
(2000), the phylogenetic information within an indel (e.g. absence/presence of an 
indel and the hierarchy of variation within the sequence) was maximized in this study, 
particularly with respect to the G. elegans ingroup, by taking steps to avoid or reduce 
the pseudoreplication of indel gaps through the use of an indel-coding matrix. Shared 
nucleotide characters within the first and the third indels were excluded and replaced 
by a three character-state matrix. Similarly, shared nucleotides in the second indel 
were ignored; however, the remaining variable sites were retained. In addition, 
autapomorphic indel characters were excluded from the analysis. Furthermore, in this 
scheme, gaps were treated as fifth character states, although this may result in the 
slight upweighting of gaps (Simmons and Ochoterena 2000; Norris et al. 2003).  
A hierarchical likelihood ratio test in ModelTest 3.6 (Posada and Crandall 
1998) was used to determine the evolutionary model that best fit the sequence data. 
The Hasegawa–Kishino–Yano (HKY) model with a proportion of the sites assumed to 
be invariable (Hasegawa et al. 1985) was selected as being the best fit to the present 
mtDNA control region data. A matrix of pairwise sequence differences among 
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haplotypes was generated based on uncorrected ‘p’ distances and the HKY+I 
substitution model in PAUP* 4.0b10 (Swofford 2002).  
Arlequin 3.11 (Excoffier et al. 2005) was used to examine the genetic 
structure of G. elegans by measuring pairwise genetic distances (Fst) among surveyed 
populations. Both nucleotide (Kimura (1980) two-parameter-corrected) and 
conventional Fst distance measures were applied. We used the Mantel (1967) test with 
10,000 permutations to assess the significance of the relationship between the genetic 
and spatial (geographic at log-scale) Euclidian distances among populations as 
implemented in Arlequin.  
Phylogenetic relationships were analyzed using the maximum parsimony 
optimality criterion in PAUP. Maximum parsimony analyses employed unordered and 
unweighted heuristic searches with starting trees obtained via stepwise addition using 
a random stepwise addition sequence (100 replicates) and tree bisection– 
reconnection branch-swapping rearrangements. The robustness of phylogenetic nodes 
was statistically assessed by the non-parametric bootstrap method and 100 
pseudoreplicates (Felsenstein 1985), and summarized as a 50% majority-rule 
consensus tree. Consistency, rescaled consistency, and retention indices were 
calculated to assess data and tree quality.  
Phylogenetic trees were rooted using sequences from the Herpestidae and 
Viverridae families due to their close phylogenetic relationship to G. elegans (Yoder 
et al. 2003). In addition, mtDNA control region haplotype sequences from the yellow 
mongoose, Cynictis pennicillata, obtained from GenBank (accession numbers 
U74083 and U74084 Van Vuuren and Rabinsa 1997) and sequences from the small 
Indian mongoose (Herpestes javanicus; accession numbers FJ411052 and FJ411053; 
Bennett et al. unpublished data) were used as outgroup taxa. Haplotype (h) and 
nucleotide (p) diversity were calculated from the sequence data in DnaSP 4.10.9 
(Rozas et al. 2003).  
A statistical parsimony network was used to infer intraspecific genealogical 
relationships among all pairs of G. elegans haplotypes using the program TCS 1.21 
(Clement et al. 2000), starting initially with a 95% confidence interval and adding 
remaining groups of sequences with the 90% confidence interval option. The network 
reflects single mutation steps that separate adjacent haplotypes and places older or 
ancestral haplotypes as internal branching points and younger haplotypes at tip 
positions (Templeton et al. 1992).  
 
Results  
 
mtDNA sequence variation in three subspecies of the ringtailed mongoose  
 
Mitochondrial control region sequences were obtained from a total of 19 individuals 
from all three G. elegans subspecies. The sequences generated from the present study 
contained the tRNAPro and the 50- domain of the control region, did not present 
ambiguous sites or double peaks upon inspection of the chromatogram, and appeared 
to match similar sequences (e.g. when queries were matched using NCBI’s BLAST 
algorithm for pairwise sequence comparison) without unusual indels or unalignable 
sites in those regions, thus suggesting that the sequences were of authentic mt origin 
rather than mt insertions in the nucleus.  
Seven different haplotypes were observed (Table I) based on nucleotide 
differences and ranged in length from 554 to 564 bp. Haplotype sequences have been 
deposited in NCBI GenBank (accession numbers FJ411045–FJ411051). The length 
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variation in the recovered sequences was primarily due to the inclusion of insertions 
and deletions (indels) observed in the outgroup taxa. Only one short deletion (10 bp 
long) was observed in the G. elegans GeHapD sequence.  
None of the haplotypes overlapped between subspecies. Nucleotide 
substitutions among the G. elegans haplotypes were identified at 60 sites, of which 
48% were phylogenetically informative. The remaining sites were uninformative 
(52%), and hence provided no further information for phylogenetic reconstruction. 
Overall, the base composition of the targeted mtDNA control region sequence was 
approximately 30% A, 26% C, 15% G, and 29% T, exhibiting a slightly high AT-rich 
composition (58.9%). Overall haplotype diversity (h) was estimated at 0.784 (±0.067) 
and the overall nucleotide diversity was estimated at 0.035 (±0.004; Table I).  
The uncorrected ‘p’ distance between the seven mtDNA haplotypes detected 
varied from 0.012 between haplotype GeHapA and GeHapG to the largest distance of 
0.061 between haplotypes GeHapB and GeHapD, GeHapD and GeHapE, and 
GeHapD and GeHapF (Table II). Of the three mtDNA haplotypes from the northern 
site of G. e. elegans, one (GeHap G) was found to be more closely related to G. e. 
dambrensis than to the other G. e. elegans within its own locality (Table II). 
Similarly, the two G. e. elegans lineages (GeHapE and GeHapF) from the Tsinjoarivo 
site were found to be genetically as divergent from its G. e. elegans congeners in 
Namarafana as from the northern subspecies, G. e. dambrensis (Table II). Similar 
trends in pairwise sequence differences among the haplotypes were observed using 
the HKY+I model (Table II).  
Levels of differentiation, based on Fst (values varied from 0.494 to 1.0) and the 
Kimura twoparameter correction (values ranged from 0.512 to 1.0), were significant 
(p < 0.03) between all three G. elegans subspecies. However, within G. e. elegans, no 
significant genetic differentiation was found between the Namarafana and Tsinjoarivo 
populations in either test. Mantel test results indicated that geographic distance was 
not significantly correlated with genetic distance (r = 1/4 0.08, p > 0.10) and, hence, 
isolation by distance could not be detected based on the present data.  
Both of the endemic Malagasy carnivore species used in this study—C. ferox 
and F. fossana—proved to be too divergent as outgroup taxa; this was unexpected 
given the recent comparative assessment of Malagasy carnivores phylogeny 
illustrating a closer relationship among all Malagasy carnivores than between 
Malagasy and African herpestids (Yoder et al. 2003). For the current study, mtDNA 
control region sequences from the non-Malagasy herpestids C. pennicillata and H. 
javanicus (GenBank accession numbers FJ411052 and FJ411053) were found to be 
much more similar to G. elegans sequences, and hence were used to root the 
phylogenetic tree.  
 
Geographical distribution of mtDNA haplotypes  
 
Maximum parsimony analysis based on the treatment of gaps as ‘missing data’, gaps 
as ‘fifth base’, and the counting of indels as single events yielded similar results; the 
tree topologies among all treatments were identical, although bootstrap support and 
character fit values differed slightly (with the collapse of a branch and marginally 
lower character fit values in the first treatment; data not shown). Given that indel 
events are potentially important segments of phylogenetic information that should be 
incorporated into the analysis of this study, the remaining results will reflect the 
outcome from the indel-coding scheme.  
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Based on the maximum parsimony analysis, the overall character fit and 
synapomorphy measurements of the topology of the generated tree received very 
good performance ratings (consistency = 0.842, rescaled consistency = 0.754, 
retention = 0.895) indicating an appropriate match between character data and 
phylogenetic trees with low levels of homoplasy.  
All sequences from the ring-tailed mongoose formed a monophyletic clade, 
which was supported by a bootstrap value of100%. Distinctiveness of the western 
ring-tailed mongoose subspecies (G. e. occidentalis; Site 4: Bemaraha, n 1/4 6) was 
confirmed based on its basal position in the phylogenetic tree with respect to the other 
two G. elegans subspecies (Figure 1), although G. e. occidentalis lacked any 
observable genetic variation among the six sampled individuals. A single haplotype 
(GeHapA) was recovered from the northern subspecies, G. e. dambrensis (Site 1: 
Ankarana Reserve, n = 7); however, this haplotype clustered with those observed in 
the eastern subspecies, G. e. elegans, whose five lineages formed a paraphyletic 
grade. Taken together, G. e. dambrensis and G. e. elegans subspecies (Site 2: 
Namarafana section of the Zahamena Reserve, n = 4 and Site 3: Tsinjoarivo, 
Antananarivo province, n = 2, respectively) grouped into a separate northern– eastern 
clade (supported by a bootstrap value of 95%), sister to their western counterparts 
(Figure 1). Within this northern–eastern clade, G. e. dambrensis and one site of G. e. 
elegans (Site 2) form a clade with 89% bootstrap support; however, the bifurcation of 
G. e. dambrensis and G. e. elegans was not well supported (52% according to 
bootstrap analysis; Figure 1), and hence this relationship needs to further resolution.  
The unrooted haplotype network revealed four disconnected groups of 
haplotypes similar to the phylogenetic tree (Figure 2): one group connected the 
GeHapA (Site 1: Ankarana) and GeHapG and GeHapB (Site 2: Namarafana) 
haplotypes, another group haplotypes GeHapE and GeHapF from Tsinjoarivo (Site 3), 
and the remaining two groups were represented each by a single haplotype from 
Bemaraha (GeHapD, Site 4) and Namarafana (GeHapC, Site 2). This was caused by 
the very large divergence of those sequences in relation to the others, as reflected in 
the maximum parsimony topology (Figure 1).  
 
Discussion  
 
Currently, three subspecies of the ring-tailed mongoose (G. elegans) in Madagascar 
have been classified based on phenotypic variation (differences in pelage color and 
tail patterning) and geographic distribution (Garbutt 1999): G. e. dambrensis 
(northern subspecies), G. e. elegans (eastern subspecies), and G. e. occidentalis 
(western subspecies). While the sample sizes in this study are small and limited by the 
availability of mongoose samples (despite their prevalence), an examination of the 
evolutionary relationships (phylogenetic analysis and statistical parsimony inference) 
among mtDNA control region sequences from G. elegans reveals that the western 
subspecies demonstrates genetic distinctness apart from the other two subspecies. 
Restricted to the western dry habitats of Madagascar, G. e. occidentalis is 
geographically isolated from the moist eastern forests by the central plateau and from 
the northern region by several bisecting rivers (Garbutt 1999). In contrast, the 
northern and northeastern regions of the island, although mountainous, are connected 
by a diverse array of rainforest and dry forest zones serving as potential conduits for 
integrating or homogenizing populations of G. elegans across the species northern 
and eastern distribution.  
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Although differentiated, the genetic structure of the north and eastern 
populations of the ring-tailed mongoose does not correspond to the geographic 
distances between G. e. dambrensis and G. e. elegans, regardless of their physical 
differences. Separated by more than 500 km, G. e. dambrensis is as divergent from 
some mongooses in Tsinjoarivo (e.g. GeHapA and GeHapF) since G. e. elegans from 
collection sites half that distance apart are from each other (e.g. Namarafana and 
Tsinjoarivo). Particularly noteworthy is the high genetic variation observed within 
and among G. e. elegans populations compared with the other two subspecies. A few 
explanations, together or independently, could contribute to these observations. First, 
pelage variation and low differentiation within the northern–eastern phylogenetic 
clade could represent clinal or gradual variation in phenotypic characteristics due to 
slight environmental differences across continuous forest habitats. Alternatively, G. e. 
dambrensis could represent a recent geographical expansion of or budding from 
northern populations of G. e. elegans, and, hence, the establishment of a population 
that potentially experienced reduced genetic variation due to a founder effect, but 
retained some of the characteristics from the parent population (Ellegren et al. 1993; 
Hansoon et al. 2000).  
Lastly, G. e. elegans in Tsinjarivo and other sites south of this area may 
represent a distinct genetic lineage given their unique phylogenetic position in relation 
to G. e. elegans in Namarafana and G. e. dambrensis. Separation between northern 
and southern G. e. elegans populations could be the result of biogeographic landscape 
features and/or ecological mechanisms acting as important obstacles to geneflow and 
maintaining differentiation among G. e. elegans populations, although greater 
sampling of G. e. elegans from northern and southern populations is necessary to 
resolve this possibility. Nevertheless, similar patterns have been observed in other 
Malagasy species in this region (Yoder et al. 2000). For example, the Malagasy 
mongoose, Galidictis fasciata, is divided into two recognized subspecies based on 
pelage variation with subspecies boundaries in the general vicinity corresponding to 
the potential separation of the northern and southern populations of G. e. elegans 
(Garbutt 1999). Likewise, strong phylogenetic division was observed between 
northeastern and southeastern populations of Mantella bernhardi (Malagasy poison 
frog Vieites et al. 2006). Other species groups that may demonstrate similar patterns 
could include: viverrids (e.g. Fanaloka, F. fossana), ungulates (e.g. bushpig, 
Potamochoerus larvatus), primates (e.g. brown lemur, Eulemur fulvus), and 
insectivores (e.g. banded tenrec, Hemicentetes semispinosus). Whatever the barrier, 
southern populations of G. e. elegans may represent a distinct and true representation 
of G. e. elegans as a subspecies.  
Based on the analyses in this study, designation of G. e. elegans and G. e. 
dambrensis as subspecies remains debatable. In order to fully resolve the 
phylogenetic relationships between northern and eastern ring-tailed mongoose groups 
and address the interpopulation divergence within G. elegans in the eastern region, 
more individuals from various localities need to be sampled. Analysis and comparison 
of other genes or use of other molecular markers, like microsatellites (e.g. elk 
Meredith et al. 2007, song sparrows Chan and Arcese 2002), may enhance our 
understanding of the geographic distribution of genetic diversity and aid in the 
assessment of subspecies designation. In addition, a phylogenetic approach comparing 
other Malagasy species with eastern distribution ranges may further elucidate 
potential landscape features and/or biological patterns that pose barriers to gene flow 
between northeastern and southeastern populations of G. e. elegans.  
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Recognition of the extent of differentiation and degree of genetic structure 
within ring-tailed mongoose populations and subspecies, such as the distinctness of G. 
e. occidentalis observed in this study, can aid in the designation of appropriate 
management units and in the development of strategies for the effective conservation 
of this species in the wake of rapid deforestation rates on Madagascar.  
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Table I. Distribution of mtDNA control region haplotypes of G. elegans for each sample location representing all three subspecies (G. e. 
dambrensis, G. e. elegans, and G. e. occidentalis).  
 
    Haplotype Number of Indices (± standard deviation) 
Subspecies Location A B C D E F G individuals h π  k 
G. e. dambrensis Ankarana 7 - - - - - - 7 0 0 0 
G. e. elegans Namarafana - 2 1 - - - 1 4 0.833 (0.222) 0.023 (0.006) 12.833 
 Tsinjoarivo - - - - 1 1 - 2 1 (0.500) 0.025 (0.012) 14.000 
G. e. occidentalis Bemaraha - - - 6 - - - 6 0 0 0 
 Total 7 2 1 6 1 1 1 19 0.784 (±0.067)*  0.03581 (±0.004)* 19.801* 
 
Note: Extent of sequence diversity represented by haplotype diversity (h), nucleotide diversity (p), and mean number of pairwise nucleotide 
differences (k). *Average values for haplotype and nucleotide diversity and mean pairwise nucleotide differences across all haplotypes.  
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Table II. Pairwise genetic distance matrix of nucleotide sequence differences among 
pairs of seven G. elegans mtDNA control region haplotype representatives.  
 
    1 2 3 4 5 6 7 
1 GeHapA - 0.032 0.046 0.077 0.055 0.069 0.014 
2 GeHapB 0.027 - 0.037 0.099 0.065 0.065 0.029 
3 GeHapC 0.036 0.031 - 0.096 0.077 0.069 0.032 
4 GeHapD 0.052 0.061 0.060 - 0.102 0.102 0.082 
5 GeHapE 0.041 0.047 0.052 0.061 - 0.029 0.058 
6 GeHapF 0.049 0.047 0.049 0.061 0.025 - 0.073 
7 GeHapG 0.013 0.025 0.027 0.054 0.043 0.050 - 
 
Note: Lower diagonal, uncorrected pairwise differences; upper diagonal, pairwise 
differences corrected according to the HKY+I substitution model selected in 
ModelTest. 
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Figure 1. Map of Madagascar: distribution of the ring-tailed mongoose, Galidia 
elegans, across Madagascar based on the recognized subspecies: G. e. dambrensis, G. 
e. elegans, and G. e. occidentalis. Numbers on the map refer to the collection sites in 
this study: 1) Ankarana Reserve’ 2) Namarafana section of the Zahamena Reserve; 3) 
Tsinjoarivo in the Toamasina province; and 4) Bemaraha. Phylogenetic tree: 
maximum parsimony phylogram of the observed G. elegans mtDNA control region 
haplotypes. The tree was rooted with Cynictis penicillata and Herpestes javanicus 
sequences (not shown). Haplotype codes refer to the genus and species of the ring-
tailed mongoose followed by the identification of that haplotype. The number above 
each branch represents percentage bootstrap support based on the indel-coding 
scheme. Branches with bootstrap confidence values > 50% are provided. 
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Figure 2. Unrooted haplotype network based on the mitochondrial DNA control 
region sequences of Galidia elegans. Each circle represents a unique haplotype 
denoted by A-G (see Table 1). Numbers in parentheses represent sample size. 
Different shades of gray refer to recognized subspecies as in Figure 1. Solid dashed 
lines on lines connecting haplotypes represent single nucleotide substitutions 
corresponding to hypothetical nonsampled haplotypes. 
 
